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ABSTRACT 

Hydrocarbon Research, Inc. (HRI ) ,  under the sponsorship o f  the U. S. Department 
o f  Energy (DOE), i s  developing a c a t a l y t i c  two-stage coal l i q u e f a c t i o n  process. 
The process cons is t s  o f  two d i rect -coupled ebullated-bed reactors  i n  series, w i t h  
t h e  f i r s t  stage operated a t  lower temperatures (t800'F) than t y p i c a l l y  used i n  
d i r e c t  l i que fac t i on .  Studies o f  both bituminous and sub-bituminous coals i n  a 
nominal 50 lb /day continuous, in tegrated recyc le bench u n i t  have shown con- 
s iderable improvements i n  both d i s t i l l a t e  y i e l d  and product q u a l i t y  over o ther  
processes. I n  order t o  b e t t e r  understand the chemistry o f  t he  unique f i r s t - s t a g e  
reactor  condi t ions,  a specia l  on - l i ne  sampling system was added t o  the bench 
u n i t .  Samples obta ined over a wide range o f  operat ing condi t ions i n d i c a t e  t h a t  
t h e  f i r s t  stage i s  an e f f i c i e n t  hydrogenation system, achiev ing balanced rates o f  
coal conversion and d i sso lu t i on .  so lvent  t o  coal hydrogen t ransfer ,  solvent 
regeneration, and l i q u e f a c t i o n  product upgrading and s t a b i l i z a t i o n .  Differences 
i n  responses o f  t he  two  coals studied are noted and discussed. 

INTRODUCTION 

Hydrocarbon Research, Inc. (HRI) has long been a c t i v e l y  invo lved i n  the develop- 
ment o f  coal l i q u e f a c t i o n  process technology. The H-Coal@ Process, featur ing a 
single-stage ebul lated-bed c a t a l y t i c  reactor ,  was successfu l ly  developed and 
demonstrated through operat ion o f  a 200 ton  per day p i l o t  p l a n t  a t  Cat le t tsburg.  
Kentucky, i n  the e a r l y  1980's.( l)  I n  1981-1982, H R I  conducted a series of 
laboratory  i n v e s t i g a t i o n s  t o  evaluate various two-stage l i q u e f a c t i o n  concepts 
which featured a thermal f i r s t - s t a g e  r e  c t o r  fo l lowed by a c lose ly  coupled, 
ebul la ted bed, c a t a l y t i c  second stage.(2-6f The r e s u l t s  o f  these programs formed 
t h e  basis f o r  the c t i r ren t  C a t a l y t i c  Two-Stage L ique fac t i on  (CTSL) concept, which 
features two direct-coupled, ebul lated-bed reactors  i n  series. Under OOE 
sponsorship, HRI  has been conducting a development rogram f o r  the CTSL Process 
Since 1983. Program r e s u l t s  have been r e ~ o r t e d ( 7 - ~ ~ )  w i t h  C4-975OF d i s t i l  l a t e  
y i e l d s  of 65 W I MAF coal achieved f o r  both I l l i n o i s  No. 6 and Wyodak coals. The 
process economics have been shown t o  be favorable i n  c par ison w i t h  other  two- 
stage approaches by an  independent con t rac to r ' s  study(12?for both coals. 

268 

i 



PROCESS FEATURES 

The s a l i e n t  features of the CTSL Process are l i s t e d  i n  Table 1. The key feature 
which d is t inguishes t h i s  from other  s ing le -  o r  two-stage processes i s  t h e  opera- 
tion Of a low temperature (<800°F) f i rS t -S tage  l i q u e f a c t i o n  PeaCtOr which con- 
t a i n s  an e f fec t i ve  hydrogenation Cata lyst .  Here, coal 1s converted by 
d i s s o l u t i o n  i n  the  recyc le solvent a t  a con t ro l l ed  rate, a l lowing the c a t a l y t i c  
hydrogenation react ions important f o r  Solvent regenerat ion and l i q u e f a c t i o n  pro- 
duct s t a b i l i z a t i o n  t o  keep pace w i t h  the  r a t e  of coal conversion. The second 
stage, operat ing a t  condi t ions more s i m i l a r  t o  the s ing le  stage H-Coal@ Process 
(but s t i l l  less severe), f i n i shes  the  j ob  of coal conversion whi le  conver t ing 
primary l i q u e f a c t i o n  products t o  h igh  q u a l i t y  d i s t i l l a t e s .  Overa l l ,  t h e  process 
produces h igher  y i e l d s  of b e t t e r  q u a l i t y  d i s t i l  l a t e  products than competing 
technologies. 

I t  i s  genera l ly  recognized t h a t  coal conversion t o  l i q u i d s  i s  a thermal process 
( i n v o l v i n g  hydrogen t rans fe r  from donor compounds i n  the recyc le so lvent) .  and 
t h a t  t h e  func t i on  of a c a t a l y s t  i n  a d i r e c t  l i q u e f a c t i o n  system i s  t o  hydrogenate 
the  solvent t o  provide those donor compounds, as we l l  as t o  upgrade t h e  thermal 
l i q u e f a c t i o n  products. As a r e s u l t .  two-stage l i q u e f a c t i o n  concepts were 
developed which featured a thermal f i r s t - s t a g e  l i q u e f a c t i o n  reactor ,  fo l lowed by 
a c a t a l y t i c  second stage f o r  solvent hydrogenation and product upgrading. These 
are represented by the  In tegrated Two Stage L ique fac t i on  (ITSL) processes 
developed a t  L mmus-Crest(13) and t he  W i l s o n v i l l e  Advanced Coal L ique fac t i on  
P i l o t  Plant.( l4Y and the  D i rec t  Coupled Two-Stage L ique fac t i on  system (DC-TSL) 
developed a t  H R I .  These processes r e l y  on product ion o f  a h igh  q u a l i t y  recyc le 
donor solvent. produced at law (<800°F) c a t a l y t i c  stage temperatures which favor  
hydrogenation over cracking. One pr imary drawback t o  t h i s  sequential approach i s  
t h a t  solvent donor compounds are depleted i n  the  non-ca ta l y t i c  l i q u e f a c t i o n  
reactor ,  so t h a t  t he  f i n a l  "spent" solvent q u a l i t y  i s  much poorer than  t h e  i n l e t  
recyc le solvent. Also, t he  lack of c a t a l y t i c  product s t a b i l i z a t i o n  leads t o  
undesirable regressive recombination react ions a t  the condi t ions necessary t o  
achieve complete coal conversion. 

The CTSL Process avoids these drawbacks by conducting l i q u e f a c t i o n  a t  a much 
slower r a t e  i n  the  low-temperature f i r s t  stage. The f i r s t  stage cond i t i ons  pro- 
v ide a very e f f i c i e n t  hydrogenation atmosphere so t h a t  hydrogen s h u t t l i n g  can- 
pounds i n  the  so lvent  can be e f f e c t i v e l y  regenerated and reused over and over 
again. Thus the  so lvent  does not become "spent". Primary l i q u e f a c t i o n  products 
are a lso e f f i c i e n t l y  hydrogenated as they are formed, reducing the  tendency f o r  
regressive reactions. By conducting conversion and hydrogenation funct ions 
simultaneously r a t h e r  than sequent ia l ly ,  t he  " l i f e t i m e "  o f  unstable thermal pro- 
ducts i s  reduced. The second stage then completes t h e  coal conversion a t  m r e  
t y p i c a l  l i q u e f a c t i o n  temperatures i n  the  presence of a much h ighe r  r e l a t i v e  con- 
c e n t r a t i o n  of h igh q u a l i t y  solvent. Second-stage condi t ions are chosen t o  o p t i -  
mize coal and residuum conversion and heteroatom removal, wi thout  approaching a 
thermal seve r i t y  where dehydrogenation of fi rs t - s tage  products become s i  g n i f i  - 
cant. This paper presents data t o  support each of the f i r s t - s t a g e  functions 
l i s t e d  i n  Table 1, which i n  t u r n  prov ide the  bas is  f o r  the observed o v e r a l l  per-  
formance bene f i t s  o f  t he  two-stage concept. 
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BENCH UNIT DESCRIPTION 

Process deve1opmnt s tud ies have been conducted i n  HRI ‘ S  continuous two-stage 
Bench Unit 227, shown i n  F igure 1. It i s  necessary t o  study the process i n  a 
continuous unit “4th se l f -susta ined recyc le  so lvent  generat ion i n  order t o  f u l l y  
understand t h e  and avoid the p i t f a l l s  o f  smal ler  batch or once-through 

unf ts .  The u n i t  features two 200Occ ebullated-bed reactors i n  
ser ies.  A specia l  high-pressure. on - l i ne  sampling System was adapted t o  the 
f i r s t - s t a g e  reac to r  t o  ob ta in  the  data r e  u i r e d  t o  independently assess the 
ef fect iveness o f  t he  two reac to r  stages. h i o r  t o  t h i s ,  i t  was necessary t o  
attempt t o  i n t e r p r e t  t h e  e f f e c t s  of f i r s t - s t a g e  var iab les based on ove ra l l  
r e s u l t s  only. Since the  reactors  are d i rect -coupled,  and the desired sample 
q u a n t i t i e s  represent a s i g n i f i c a n t  f r a c t i o n  o f  t he  f i r s t - s t a g e  reac to r  inventory, 
t h e  design and opera t i on  of the sampling system i s  c r i t i c a l  t o  obta in  
representat ive samples wh i l e  min imiz ing u n i t  d i s rup t i on .  The data presented i n  
t h i s  paper are based on analyses of the f i r s t - s t a g e  samples. A continuous 
atmospheric s t i l l  was a l so  added t o  the  u n i t  dur ing t h i s  program t o  provide 
accurate contro l  of recyc le solvent cut  po ints .  The a tmspher i c  s t i l l  bottoms 
a r e  subjected t o  f u r t h e r  batch f i l t r a t i o n  and/or vacuum d i s t i l  l a t i o n  operations 
t o  study var ious recyc le  o i l  preparat ion techniques. System inventor ies are 
minimized i n  order  t o  provide a rap id  l i neou t  response t o  cond i t i on  changes. 

PROGRAM HISTORY 

A sumnary o f  bench u n i t  operations conducted through February 1986 i s  shown i n  
Table 2. The f i r s t  year  o f  the program was dedicated t o  I l l i n o i s  No. 6 coal ,  and 
t h e  second year t o  Wyodak sub-bituminous coal. Fo l lowing renewal o f  the contract  
f o r  two add i t i ona l  years i n  1985, add i t i ona l  studies are being conducted w i t h  
I l l i n o i s  No. 6 coal .  Each o f  these coals has been stud ied i n  previous s ing le -  
and two-stage operations, so t h a t  an extens ive data base f o r  canparison o f  CTSL 
r e s u l t s  ex i s t s .  The implementation o f  the f i r s t - s t a g e  sampling system, l a t e  i n  
t h e ,  o r i g i n a l  I l l i n o i s  coal program. g r e a t l y  enhanced the understanding o f  the 
observed favorable performance, and f i r s t - s tage  sample analyses were used 
ex tens i ve l y  i n  a1 1 subsequent work. 

FIRST-STAGE PERFORMANCE 

Coal Conversion Rate 

One of t h e  primary b e n e f i t s  o f  t he  lower temperature l i q u e f a c t i o n  stage i s  t h a t  
coal  i s  converted a t  a c o n t r o l l e d  ra te ,  a l lowing a balance between thennal and 
c a t a l y t i c  r e a c t i o n  r a t e s  t o  be maintained. Figures 2 and 3 show the re la t i onsh ip  
between coal conversion ( t o  q u i n o l i n e  so lub les)  and both temperature and 
residence t ime f o r  several sets  o f  data fo r  both coals. I n  each case. the 
connected data p o i n t s  represent studies where a1 1 o the r  parameters (second-stage 
condi t ions,  so lvent /coal  r a t i o ,  etc.) a re  he ld constant. Comparisons of non- 
connected pofnts  should not  be made s ince  o the r  parameters a re  d i f f e r e n t  as wel l .  
Note t h a t  increas ing seve r i t y  by both parameters always r e s u l t s  i n  an increased 
coal conversion, i n d i c a t i n g  k i n e t i c  r a t e  con t ro l .  It should a l so  be noted t h a t  
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o v e r a l l  process conversions were i n  a l l  cases s u b s t a n t i a l l y  higher, and tended t o  
c o r r e l a t e  w i th  f i r s t - s tage  conversions. I n  t h e  case o f  the I l l i n o i s  No. 6 coal, 
i t  appears t h a t  "maximum" coal conversions (95-96%, t y p i c a l l y )  are being 
approached a t  750-775OF. whi le  the Wyodak coal i s  much slower t o  convert and 
requi res addi t ional  thermal seve r i t y  (90-93% conversion t y p i c a l l y  achieved i n  
second stage). 

Hydrogen Transfer E f f i c i e n c y  

F igure 4 shows the  atomic hydrogen/carbon r a t i o  o f  THF inso lub le  ICY4 from both 
f i r s t -  and second-stage samples as a funct ion o f  coal conversion f o r  Wyodak coal. 
Su rp r i s ing l y ,  t h i s  r a t i o  stays q u i t e  h igh ( a t  o r  above'the o r i g i n a l  coal l e v e l )  
over a wide range of f i r s t - s t a g e  conversions. It would be expected t h a t  t he  most 
reac t i ve  components o f  the coal would be the most hydrogen-rich. and would leave 
behind a residue o f  depleted hydrogen content. This i n  fac t  does occur i n  h igher  
temperature, thermal processes. However. the con t ro l l ed  conversion r a t e  i n  CTSL 
al lows f o r  e f f i c i e n t  hydrogen t r a n s f e r  t o  the coal as i t  reacts. A s i m i l a r  
re la t i onsh ip  has been noted f o r  the I l l i n o i s  No. 6 coal. Only a t  the more severe 
thermal condi t ions o f  the second stage does the hydrogen t r a n s f e r  appear t o  drop 
o f f .  as evidenced by the  lower H/C r a t i o s  f o r  t he  high conversion samples. 

No attempt has been made here t o  d i s t i n g u i s h  "unreacted coal "  from IOM formed by 
regressive reaction. However, the combination o f  the observed k i n e t i c  response, 
residue analyses, and m i l d  seve r i t y  condi t ions i n d i c a t e  t h a t  regress ive reac t i on  
should be minimal i n  the f i r s t  stage. While residue analyses are i n t e r e s t i n g ,  
they are o f  l i m i t e d  u t i l i t y ,  p a r t i c u l a r l y  since the  ove ra l l  coal conversions 
achieved i n  CTSL a re  no b e t t e r  than i n  the  single-stage H-Coals Process. O f  more 
importance are the  analyses of the l i q u i d s  which are formed a t  f i r s t - s t a g e  
condi t ions,  which are s u b s t a n t i a l l y  d i f f e r e n t  than those produced i n  o t h e r  d i r e c t  
1 i que fac t i on  processes. 

Sol vent Hydrogentati on 

Since the coal i s  l i q u e f i e d  i n  the presence o f  a c a t a l y s t  a t  condi t ions which 
favor  hydrogenation. donor species present i n  the so lvent  can be regenerat ive ly  
rehydrogenated. This i s  i l l u s t r a t e d  f o r  a t yp i ca l  cond i t i on  f o r  each coal i n  
Table 3, which compares p roper t i es  o f  f i r s t - s t a g e  o i l  and pressure f i l t e r  l i q u i d  
(PFL), which i s  both t h e  second-stage o i l  and process recyc le so lvent .  Note t h a t  
even though substant ia l  coal conversion has occurred i n  the f i r s t  stage i n  each 
case, there i s  no i n d i c a t i o n  of solvent q u a l i t y  d e t e r i o r a t i o n  - i n  fac t ,  the 
so lvent  qua l i t y ,  as measured by standard microautoclave tests ,  has improved. 
This i s  due t o  simultaneous solvent hydrogenation, as ind icated by the  improved 
hydrogen content and lower aromatics l eve l  i n  the f i r s t - s t a g e  l i q u i d .  This i s  a 
key d i f f e rence  from other  two-stage processes, where so lvent  q u a l i t y  i s  depleted 
i n  t h e  l i q u e f a c t i o n  stage due t o  m r e  severe thermal condi t ions and the lack o f  
an e f f e c t i v e  hydrogenation ca ta l ys t .  One p o s i t i v e  b e n e f i t  o f  t h i s  e f f e c t  on the 
o v e r a l l  process i s  t h a t  t he  feed so lvent /coal  r a t i o  can be set a t  a minimum pum- 
pable l eve l ,  w i thout  concern f o r  ava i l ab le  donor hydrogen leve ls .  Bench u n i t  
operations on I l l i n o i s  No. 6 coal have been conducted a t  feed s l u r r y  solvent/coal 
r a t i o s  as low as 1.1, and s t i l l  lower r a t i o s  may we l l  be poss ib le  on a l a rge r  
scale. This has a l a rge  favorable impact on process economics. 
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Recycle Residuum Hydrogenati  On 

Residuum i n  the  r e c y c l e  so lvent  i s  upgraded by hydrogenation i n  the f i r s t  stage, 
making i t  more r e a c t i v e  f o r  crack ing t o  l i g h t e r  d i s t i l l a t e s  i n  the second stage. 
This  i s  i nd i ca ted  i n  Table 4, which shows net  p o s i t i v e  y i e l d s  o f  residuum com- 
ponents i n  t h e  f i r s t  stage, and net  conversion t o  d i s t i l l a t e s  i n  the second 
stage. As a resu l t ,  t h e  o v e r a l l  975'F+ y i e l d s  are q u i t e  low, and the q u a l i t y  (as 
i nd i ca ted  by h igh o i l  and low preasphaltene contents)  i s  a l so  q u i t e  good. 

C a t a l y t i c  Stabi l i za t i on /Upgrad ing  o f  Primary L ique fac t i on  Products 

The discussion .above had h igh l i gh ted  the e f f e c t  o f  f i r s t - s t a g e  condi t ions on 
recyc le solvent p roper t i es .  I n  fact, the o i l  p rope r t i es  presented are f o r  
l i q u i d s  which a re  a blend o f  recyc le solvent and d i r e c t  f i r s t - s t a g e  products. 
Depending on feed so lvent /coal  r a t i o  and net f i r s t - s t a g e  reactions, the f i r s t -  
stage oil  content i s  est imated t o  be 20-508 d i r e c t l y  produced fran coal, w i t h  t h e  
remainder derived from recycle solvent. (Of course, i n  an in tegrated operat ion 
a l l  of the ma te r ia l  i s  u l t i m a t e l y  coal-derived; he re  the d i s t i n c t i o n  i s  being 
made t o  s p e c i f i c a l l y  inc lude mater ia l  which has not y e t  been exposed t o  second- 
stage condit ions.) Wi th  t h i s  i n  mind, the l eve l  o f  hydrogenation i s  even more 
notable s ince t h e  pr imary l i q u e f a c t i o n  products should be o f  s u b s t a n t i a l l y  lower 
q u a l i t y  than the  recyc le  solvent. 

COAL COMPARISON 

Evidence has been presented f o r  both I l l i n o i s  No. 6 and Wyodak coals which sup- 
p o r t  t he  process concept o f  f i r s t - s t a g e  hydrogenation, r e s u l t i n g  i n  improved 
ove ra l l  l i q u i d  y i e l d s  and product q u a l i t i e s .  However, the response of the two 
coals  - and hence the  optimum process condi t ions f o r  each - a re  q u i t e  d i f f e r e n t .  
As has been noted i n  F igu re  2, t he  sub-bituminous coal i s  much slower t o  convert, 
and probably requ i res  a f i r s t - s t a g e  temperature o f  a t  l e a s t  75OOF t o  achieve 
enough coal convers ion f o r  the c a t a l y t i c  treatment t o  be e f f e c t i v e .  The 
bituminous coal l i q u e f i e s  much more read i l y ,  but (as noted i n  Table 4 )  gives much 
h igher  net  residuum y i e l d s .  Work t o  date has i nd i ca ted  optimum performance a t  
750-775OF. but it i s  probable t h a t  t h i s  can be reduced by the appropriate 
combination o f  c a t a l y s t ,  space ve loc i t y ,  etc. This o b j e c t i v e  i s  being pursued i n  
t h e  present program. Other i tems being i nves t i ga ted  inc lude op t im iza t i on  o f  
l i q u i d  y i e l d  d i s t r i b u t i o n ,  p a r t i c u l a r l y  the e x t i n c t i o n  conversion of a l l  650DFt 
products, and opera t i on  a t  lower second-stage temperatures t o  improve product 
q u a l i t y  and extend c a t a l y s t  l i f e .  
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TABLE 1 

H R I ' S  CATALYTIC TWO STAGE LIQUEFACTION PROCESS 

FIRST STAGE 

"Low" Temperature ( <800°F) 
Hydrogenation Ca ta l ys t  (e.9. h o c a t  1C. NiMo) 

Functions: Coal Conversion ( con t ro l  l e d  r a t e )  
Hydrogen Transfer  t o  Reacting Coal 
Solvent Hydrogenation - Regenerative 
Recycle Residuum Hydrogenation 
C a t a l y t i c  Stabi 1 i zation/Upgradi ng o f  Primary L ique fac t i on  Products 

SECOND STAGE 

"High" Temperature (>8OO0F) 
Hydroconversion Ca ta l ys t  (e.9. Amocat 1A. CoMo) 

Functions: Complete Coal Conversion ( T h e n a l  i n  an improved so lvent  envirorment) 
Residuum Conversion t o  D i s t i l l a t e  Products 
Heteroatom Removal 
Avoi d Dehy d r oge n a t  i on 

OTHER PROCESS FEATURES 

Reaction Stages a r e  O i  rect-Coupled 
€bu l l a ted  Bed Technology Scaleable Based on H-Coal@/H-Oil@ Experience 
Highest Conversion t o  D i s t i l l a t e s  o f  any D i rec t  L ique fac t i on  Process 
More Al iphat ic /Petro leum-Like Products than other  Di rect  L ique fac t i on  Processes 
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TABLE 2 

CATALYTIC TWO STAGE LIQUEFACTION PROCESS DEVELOPMENT 
His to ry  o f  Bench U n i t  Operations (through February 1986) 

Number o f  F i r s t  Stage 
Runs Condit ions Samples 

I l l i n o i s  No. 6 Coal (1983-1984) - 
Process Variable Studies 8 149 38 
F i r s t  Stage Sampling 1 12 4 4 

( 1983- 1984 ) 10 186 43 4 

- 1 - 1 25 - -  Process Demonstration 
Tota l  I l l i n o i s  No. 6 

Wyodak Sub-bi tuminous Coal 
(1983-1985) 

Process Variable Studies 3 80 25 18 
8 Process Demonstration 

Total  Wyodak Coal 5 124 28 26 
- 3 - 2 44 - -  

I l l i n o i s  No. 6 Coal (1985-1986) 
Process Variable Studies 2 57 16 15 
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FIGURE 2 

FIRST-STAQ COAL CONVERSION (W I IIAF) 
VERSUS TEMPERATURE 

FIRST-STAGE TEMPERATURE, O F  

o I l l i n o i s  No. 6 (Run 227-18) 
0 I l l i n o i s  No. 6 (Run, 227-32) 
+ Wyodak, Run 227-22 (Conditions 4, 5 and 6)  
x Wyodak, Run 227-22 (Conditions 7 and 9 )  
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FIGURE 3 
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FIGURE 4 

REACTOR SOLIOS HTOROGEN/CARBON ATOllIC RATIO 
VERSUS COAL COWVERSION 

WYOOAK COAL 
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TABLE 3 

COllpARISON OF FIRST-STAGE OIL AND PFL PROPERTIES 

Bench Un i t  Coal Conversion, W % MAF 

Microautoclave Sol vent Q u a l i t y  
Test. W % THF Conversion 

H R I \ I l  
Conoco (2) * 

H/C Rat io  - 650-850°F 
850-975'F 
975'F+ 

Proton? NMR - X Aromatics 
850°F- D i  s t i  1 l a t e  
85OoF+ Residuum 

ILLINOIS NO. 6 COAL YYODAK COAL 
Run No. 227-18-12 Run No. 227-25-16 
< _ _ _ _ _ _ _ _ _ _ _  s T A  GI s -----_------ > 

FIRST SECOND FIRST SECOND 
OIL PFL OIL PFL 

87.1 92;7 73.6 91.6 

- - - -  - -  - -  

83.3 
82.9 

1.28 
1.19 
0.95 

14.6 
29.2 

76.6 54.5 52.0 
79.9 64.5 64 .O 

1.25 1.40 1.40 
1.13 1.34 1.24 
0.91 1.06 0.98 

15.7 11 .o 10.6 
31.4 19.3 25.3 

(1) HRI procedure uses matched coal and solvent. 
( 2 )  Conoco procedure uses Indiana V coal .  

Data provided by CONOCO. 

TABLE 4 

- 975OF' RESIDUUM PROPERTIES 

ILLINOIS NO. 6 WYOOAK 

< _ _ _ _ _ _ _  S T A G S _ _ _ _ _ _ _  > 
Run 227-32-9 Run 227-25-16 

W % 975"F+ I n  O i l  

97iV[+H;;p;erti es 

X Nitrogen 
% O i l  
% Asphal tenes 
% Preasphaltenes 

Estimated Net 9750Ft 
Yield - W % MAF Coal 
O i ls  
Asphal tenes 
Pre-Asphal tenes 

TOTAL 

F i r s t  

39.5 

- 

1.03 
0.65 
64.5 
28.6 

6.9 

9.6 
9.3 
3.3 

22.2 

2 79 

Second 

32.1 

0.99 
0.53 
71.9 
23.5 
4.6 

-3.2 
-7.2 
-2.9 

-13.3 

F i r s t  

12.1 

- 

1.06 
0.79 
75.3 
24.1 

0.6 

2.4 
2.2 
0.1 

4.7 

- 

Second 

9.0 

0.98 
0.73 
84.7 
15.0 
0.3 

-0.2 
-1 .R 
-0.1 

-2.1 

- 


